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This thesis has been divided into two parts, namely, 
"Imperfections in the Ag-In System (Alpha-Phase)" and 
"Lattice Parameters of Cadmium Oxide." 
Imperfections in the Ag-In System (Alpha-Phase) 
It can be shown as in the case of the Cu-In a-
solid solutions -- that during quenching from the liquid 
state, strains are produced by the quenching process and, 
in addition, vacancies are quenched-in, in the Ag-In a-
i i 
solid solutions. The number of vacanc1es present,measured 
by the decreased density of the alloys, is proportional to 
the indium content up to the solid-solubility limit. Upon 
heat treatment of the alloys, the iliermal stresses are annihi-
lated and additional vacancies are formed instead. These 
cluster together by migration to form voids. Application of 
pressure can close these voids and the alloy regains very 
nearly its calculated density. Calculations of vacancy 
concentrations by two independent methods show fair agree-
n:ent. 
Lattice Parameters of Cadmium Oxide 
It has been verified that cadmium oxide dissociates 
at high temperatures and that the dissociated cadmium forms 
solid solutions with the excess oxide. Reversal of the 
process can be achieved to a certain extent. It can be 
~ll 
shown that the thermal expansion coefficient of CdO is 
nearly constant in the range 100-700°C and that it nearly 
reduces to zero at about -230°C.While no distinct relation 
could be found between the color and the lattice parameters 
of CdO, it can be shown that CdO consists essentially of 
translucent reddish particles which also appear grey if 
they are in the furm of large grains. 
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PART I 
IMPERFECTIONS IN THE Ag-In SYSTEM (ALPHA PHASE) 
I. INTRODUCTION 
A. General 
Natural and synthetic crystals contain imperfections 
in the form of impurities and crystal defects (lattice 
vacancies, dis locations, etc.). Since most of the struc-
ture sensitive properties such as yield strength, failure 
strength and diffusion phenomena are influenced by such 
imperfections to some extent, their study is one of the 
important problems of solid state research. 
Several methods have been suggested and carried out 
in order to evaluate the degree of perfection in crystals. 
One of the methods is to determine the x-ray molecular 
weight and compare it with the chemical molecular weight. 1 
Another method is to compare the x-ray density with the 
. 1 d . 2 H exper1menta ens1ty. owever, the best approach for 
determining the soundness of a crystal structure, compares 
the actual average number of atoms or molecules per unit 
cell with the theoretical number for a perfect 
3 
structure. 
With this method, large numbers of vacancies inaccessible 
to other materials, can be determined. 
During the past four decades, work has been done on 
the lattice parameters and thermal expansion coefficients 
of silver and the alpha-phase of the silver-indium system, 
for both room temperatures and high temperatures. llowever, 
very little has been done to study the degree of perfection 
of the silver-indium solid solutions and of the whole system. 
Therefore, the intention of the present work was at 
first to study the effects of indium additions on the degree 
of perfection of silver-indium solid solutions. For this 
purpose experimental densities were necessary, assuming that 
the lattice parameters of the alloys are known. It was also 
explored as to whether indentation hardness is somehow re-
lated to the densities of differently treated samples. 
B. Literature Review 
Since the discovery of indium in 1863, many alloy sys-
terns of indium have been extensively studied. However, it 
was not until 1935, 4 that Weibke and Eggers established the 
complete silver-indium equilibrium diagram. They measured 
the lattice spacing for alloys made with "fine" silver and 
99.99 per cent indium. According to this diagram, reproduced 
in Figure 1, the alpha-phase extends from pure silver to 
about 18 per cent of indium at room temperature and to 19.8 
per cent by weight at 693°C. 
Later, Hume-Rotheny, 
5 Lewin and Reynolds (1936) also 
examined alloys made from 99.99% silver and 99.98% indium. 
The x-ray powder samples were annealed for the purpose of 
homogenization for 12 to 20 hours at 400°C. Work along the 
6 
same lines was also done by Owen and Roberts (1939) and 
Adler 
7 
and Wagner (1962). 
The density of silver was found to depend to some ex-
tent upon its mechanical state. For well annealed materials, 
either cast or cold worked, the measurements of Tomlinson, 
3 
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Figure 1. The Ag-In phase diagram 4 
4 
et a1. 8 indicate that the density is very close to 10.49 
g/cc at room temperature. 9 Igata (1937) obtained 10.502 
g/cc at 17°C for cold worked and then annealed silver. The 
International Critical Tables 10 list the density of elec-
trolytic silver at 10.4914 g/cc at 25°C. 
Th 1 f - - - 11' 12 h e resu ts o varlous lnvestlgators on t e 
linear thermal expansion coefficients of silver in the 
0 0 temperature range 0 to 100 C agree closely. 
The most recent work giving the lattice parameters, 
thermal expansion coefficients and solid solubility limit 
of both silver and silver-indium alloys (alpha-phase) was 
done by Riad 13 (1964) in the form of a thesis which was 
later published by Straumanis and Riad 14 (1965). 
A survey of the literature does not reveal any work on 
either the accurate density determination or on the study 
of imperfections in the silver-indium system. The present 
work on the density and imperfection in the alpha-phase of 
the silver-indium system is based on the pertinent data from 
the previous publications, supplemented with new experimental 
data and observations. 
5 
II. EXPERIMENTAL PART 
A. Sample Preparation 
All the samples used throughout this investigation were 
made from high purity silver and indium, each of them 99.999+ 
per cent pure, supplied by ASARCO. The spectrographic analy-
sis of each lS given in Appendix A. Indium was supplied in 
the form of a small rod which was easy to cut with a pen-
knife. Silver was available in the form of splatters, which 
had the disadvantage of having internal gas voids. These 
could be eliminated only by melting under high vacuum. The 
alloys were prepared by direct weighing of calculated indium 
and degassed silver amounts on a semi-micro balance, to make 
about 10 g of the alloy. The alloys contained, 5, 5.7, 10 
and 15 weight per cent indium. 
The silver beads were placed inside a dry and clean 
fused quartz tube (internal diameter 8 mm) closed at one 
end. The tube was cleaned earlier with boiling concentrated 
nitric acid which reduced the chances of the molten silver 
sticking to the tube walls and cracking the tube. The tube 
with its contents was next evacuated to a pressure of less 
than 10- 3 mm Hg and the silver melted on a laboratory blow 
torch. The entrapped gas bubbles were removed by tapping 
the closed end of the tube. Within one half hour (at 1100°C) 
the bubbles ceased to surface from the melted silver 
(usually 11 g). Since the partial pressure of silver varies 
between 0.02 mm and 0.11 mm I;g for the temperature 
6 
0 0 15 
range 1100 to 1200 C, very little silver was lost. Also, 
s1nce the heating was done under a continuous high vacuum 
(10- 3 mm Hg), very little, if any, oxygen could dissolve in 
the molten silver. Then the tube with the melt in it was 
air cooled and water quenched. Removed from the tube, the 
ingot was lightly etched in warm dilute nitric acid (one 
part acid in three parts distilled water), washed thoroughly 
in distilled water, then in alcohol and dried. The weight 
of this ingot was used in the computation of the indium for 
a certain alloy. 
Another cleaned quartz tube containing the silver ingot 
and the indium, was evacuated, gently warmed and then care-
fully sealed. Then it was placed into a nichrome wire cage 
and suspended inside a vertical cylindrical electric fur-
nace, which was gradually heated to melt the silver. By 
shaking the tube vigorously, the two metals were mixed to-
gether. The temperature of the furnace was maintained about 
0 70 C above the liquidus temperature of the alloy. These 
operations were carried out for about one hour and then the 
molten alloy was rapidly cooled by immersing the tube 
gradually into cold water to achieve some degree of direc-
tional solidification. The ingot was then taken out of the 
quartz tube, etched in warm dilute nitric acid, washed and 
dried and used for density determination. 
Finally, the alloy sample was sealed inside another 
clean quartz tube under vacuum and annealed for about four 
7 
days at about 0 70 C below the solidus temperature. The ingot 
was then furnace cooled, etched and its density determined. 
As such samples turned out to have inside voids, they were 
compressed on a hydraulic press down to a thin plate and 
stress annealed for a few hours at 500°C. The densities of 
these alloys were determined after etching the samples. 
Then microscopic examinations were made of all the 
samples. For this purpose, pieces cut from the alloy sam-
ple after each operation were mounted in bakelite and etched. 
Microhardness measurements were also made on all these 
mounted samples. 
Pure silver crystals were also grown as a check for 
density measurements. The degassified silver ingot was 
sealed under vacuum in a clean quartz tube and slowly lowered 
through the heated furnace (960° + 50°C) to allow uni-
directional solidification according to Bridgman. Fair 
quality crystals were obtained if the quartz tube was 
properly tapered to a point at its lower end. 
B. Density Measurements 
Density measurements are of prime importance in crystal 
structure determinations and in establishing the number of 
atoms per unit cell. They also provide information h'hich 
establishes whether solid solutions are interstitial or 
substitutional in nature. 
8 
The hydrostatic weighing method which is based on the 
Archimedes principle was used to determine the bulk densities 
of the samples. This method basically involves weighing 
the sample in air and in a liquid of known density. The 
loss 1n weight is related to the volume of the sample. 
Precision density measurements put restrictions on the 
properties of the liquid chosen. It must have a low surface 
tension in order to assure filling of deep areas on the 
surface of the crystal grains. It must further have a low 
vapor pressure to assure only small ~ianges in its tempera-
ture due to evaporation during the weighing operation. 
Xylene was chosen as the immersion liquid. 
Though the basic method of bulk density determination 
rs simple, a number of errors are observed in actual prac-
tice. The sample always has to be suspended in the liquid. 
Thus, the "loss in weight" of the immersed suspension adds 
to the actual weight loss of the sample. Also, the force 
due to surface tension at the point where the suspension 
wire enters the liquid, tends to increase the weight of the 
sample in the liquid. The buoyancy of the air in which 
all the weighing operations are carried out tends to 
reduce the weight of the sample. Accurate and precise 
temperature and barometric pressure control is also neces-
sary. For very fine measurements, even the humidity of the 
air has to be known. It is best to make all measurements 
9 
as close to the room temperature as possible. Slight tem-
perature variations have to be compensated for. This can 
be done by knowing the liquid density at several temperatures. 
Finally, the reproducibility of each weighing operation 
has to be known. An accurate balance is of course of great 
importance. All the present work was done on a Sartorius 
semi-micro balance enclosed in a constant temperature box. 
It was found to re accurate to one-hundredth of a milligram. 
C. Density of Xylene 
The density of meta-xylene according to the International 




0.88151 -3 -6 2 0,8515 X 10 t - 0.109 X 10 t -
-9 3 -4 1.73 X 10 t + 10 (6) 
d t 
Q, is the density of m-xylene in 
0 g/cc at t C and 
6 is the random error. 
The "Natural Histological Xylene" which is a mixture 
( 1 ) 
of ortho-, meta- and para-xylene and was used for the present 
density determinations was supplied by the Fisher Scientific 
Company. The density of this liquid was determined accur-
ately at 26° and 27°C using thermostatically controlled 
specific gravity bottles (Fisher) and triple distilled water 
for checking the volumes of the bottles (of about 26 cc). 
10 
After the usual cleaning, drying and weighing opera-
tions, the bottle was filled with deaerated distilled water, 
checked for absence of air bubbles, and then suspended in 
a thermostatically controlled water bath (whose temperature 
0 
was controlled with an accuracy of~ 0.05 C) for nearly one 
hour. The thermometer used for reading the temperature was 
calibrated against a Bureau of Standards thermometer (see 
Appendix B). When the bottle was withdrawn from the water 
bath it was cleaned from the outside and then the cap was 
removed to wipe out the water that had overflowed from the 
capillary. After drying, the cap was replaced and the 
bottle allowed to cool to room temperature. The bottle was 
rechecked for absence of air bubbles and then weighed. The 
difference 1n the weight of the specific gravity bottle 
before and after filling it with water, gave the net weight 
of the distilled water at the bath temperature. 
The same specific gravity bottle was then cleaned, 
dried and filled with xylene. The same precautions were 
taken as in the case above. The mass of the xylene which 
occupied the same volume as the water did (at the same 
temperature) was determined. Finally, the density of the 
xylene d£t at that temperature was calculated using the 
following formula 17 : 
d t 
£ 
(d t - d ) + d w g g ( 2) 
where, all in a1r, w1 is the weight of the dry bottle; w2 
that of the bottle and water; w3 that of the bottle and 
11 
xylene; d the density of air; g 
t 
and dw the density of water 
0 
at the temperature t C of the water bath. 
Room temperature and barometric pressure during the 
weighing operation were recorded. 
The whole procedure was repeated a number of times at 
temperatures 0 close to 25 , The results are 
given in Table I and the details of the measurements are in 
Appendix B. The experimental density values are found to 
be slightly higher (by 0.001 g/cc) than the values calculated 
from Equation (1) for m-xylene, as is shown by Equation (3) 
and Figure 2. 
d t 0.881866 - 0.8173 X 10- 3 t 9, 
(g/cc) (3) 
The difference in the density of both kinds of xylene is due 
to differences in composition. 
D. Densities of Ag-In Alloys 
First the weights in air (W 1 ) of the etched, washed 
and dried alloy samples were determined, followed by the 
weights cw
2
) of the same samples suspended by a fine tungstun 


























Density of natural and meta-xylene reduced 
to vacuo. 
TABLE I 
* Density of Xylene at Different Temperatures 
Density of Density of 
Temperature Commercial Xylene Meta-xylene 
oc g/cc g/cc** 
24 0.860987 
25 0.861432 0.860127 
26 0.860632 0.859267 
27 0.859789 0.858406 
*See Appendix B for details. 
**Values obtained from Equation (1). 
13 
at the side (to hold the thermometer) was filled about two-
thirds with xylene and the sample held by the wire was 
immersed in it. Next the beaker with the xylene, containing 
the sample, was put into a desiccator -- provided with a 
vibrator and an air pump -- and de-aerated for a few minutes. 
The beaker was then transferred to the bridge of the balance 
and allowed to attain the balance temperature. Simultaneously, 
a calibrated thermometer was inserted into the beaker stem. 
The xylene was stirred and the balance doors were closed. 
Then the balance null-point was checked. Finally the sample 
was suspended from the hook of the balance pan and the 
14 
weight of the sample in xylene (W 3 ) was noted. This pro-
cedure was repeated a couple of times and the average weight 
noted for the same temperature. Between each weighing 
operation, especially with the xylene inside the weighing 
chamber, enough time was allowed for the xylene vapor to 
attain equilibrium with the enclosed air. Neglect of this 
was observed to affect the sample weight by about one-tenth 
of a milligram (due to a shift in the balance null-point). 
The weight of the suspended sample in xylene was de-
termined for about three temperatures close to that of the 
room. The stirring rod was warmed on a hot plate and the 
xylene stirred with it. This kind of indirect heating of 
the liquid xylene and sample was found to be sufficient to 
raise 0 the temperature by up to 0.6 C. Precautions were 
taken to allow the suspended sample to reach temperature 
equilibrium with the xylene. 
After the weighings, the suspension wire was cut just 
above the line of the liquid and the sample and the attached 
piece of wire were dried and weighed in air (W 4). 
The density of the specimen was computed from Equation 
(4) (see Appendix C for details): 
d t 
s 
(d t - d ) + d 
£ g g 
(g/cc) (4) 
All the densities obtained were reduced to 2S.00°C using 
Equation (5): 




{1 + 3a(t - 2 5) } (g/cc) 
where, a 1s the linear thermal expansion coefficient of 
the sample and ds t is the density of the sample at t°C. 
As a check for the accuracy of the described method, 
the density of silver was measured. A standard single 
15 
( s) 
crystal as well as crystals specially prepared (see Ch.II-A) 
were used for this purpose. 
The details of the density measurements are given 1n 
Appendix C and are summarized in Table II. Calculations 
of density were also made for all the samples studied, 
assuming that the structure of pure silver is ideal and 
that the solid solutions are substitutional and sound. 
Lattice parameter measurements were taken from the thesis 
of Riad 13 (see also reference 14). Figure 3 shows plots 
of the density of the quenched and compressed samples versus 
composition. The dotted line indicates the calculated 
density. 
The densities that Riad obtained are lower than the 
densities in Table II. The samples that he prepared were 
air cooled in a horizontal position and then homogenized 
0 
at 550 C for one day. The lower densities are probably due 
to shrinkage voids which were not completely eliminated. 
TABLE II 
Density of Ag and Ag-In Alloys* 
(Reduced to 25.00°C) 
Sample 
Standard Ag single cry-
stal 
Ag Crystal #1 
Quenched Ag Crystal #2 




Alloy #2 (5.733 wt.% In) 
Quenched 
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E. Microhardness Measurements 
The indentation hardness of a sample lS the resistance 
which it offers to indentation by another body, the indenter, 
under the action of any type of force. It is assumed implic-
itly that the indenter itself does not suffer deformation 
during the process. The "hardness" is then defir.ecl as the 
ratio between the force (P) acting on the indenter and the 
actual surface area (M) of the impression produced by the 
force. If the force is measured in kilo-ponds and the area 




M kp/mm (6) 
While there are many kinds and forms of indenters used, 
a diamond indenter is preferable because of its high 
hardness and low wear. Also, microhardness measurements, 
which refer to hardness measurements made with small 
loads (below 0.2 kp) and over small areas (single crystals), 
make use of diamond indenters having the shape of a square 
pyramid with an apex angle 
circular. 
(a) 0 between faces of 136 
If the length of the diagonal of the square indentation 
(d) is known, the area (M) of the eimpression can be calcu-
lated from the formula 
M 2 Sin (a/2) 
2 
mm ( 7) 
Since, a = 136° , 
M = 1.8544 
and 







If 'P' is measured in ponds (p) and 'd' in microns (lJ) 
H = 1854.4 p 
d2 
2 kp/mm 
Many attempts have been made to ascribe the load 
dependence of the microhardness to an elastic effect. H. 
II 18 
Buckle was able to prove that after the load on a 
(1 0) 
Vickers pyramid (diamond indenter) has been released there 
is an elastic recovery in the depth of the indentation but 
effectively no elastic shortening in the length of the 
diagonal since the high specific loading at the edges of 
the pyramid produces irreversible slip effects. In his 
view, the dependence of the load is connected not with the 
elastic but with the plastic properties of the material 
under test. It is an established fact that the indentation 
process which is accompanied by a slip deformation gives 
rise to displacements in the crystal lattice (in addition 
to any which arc already present) which spread outward 
from the indentation until they are ''blocked'' by lattice 
or structural defects. In a metal, it is especially the 
grain structure which is responsible for this blockage. 
20 
The slip deformation is responsible for the pressure of a 
raised r1m where material displaced by the indentation pro-
cess rises up around the actual indentation. The displaced 
volume produces a different type of rim dependent on the 
mobility of the displacements and the position of the in-
dentor relative to the crystal orientation. In homogeneous 
and defect-free regions in the crystal lattice large enough 
to offer no resistance to the propagation of displacements, 
the displaced volume is distributed over a larger displace-
mcnt area, and the rim is therefore lower. In crystal 
assemblies, this process is disturbed by segregations and 
strains. When the indentations are evaluated by measuring 
the diagonal, the effect of the raised rim is included im-
plicitly by variations 1n the intersection with this rim. 
Jf the diagonal measurements were referred to the level of 
the polished specimen surface, the hardness value would be 
the same for all loads. The microhardness is not always 
completely dependent on the load, in certain large single 
crystals free from defects and also in crystal structures 
with extensive cold deformation, it is possible to encounter 
a microhardness independent of the load. 
21 
Experience has shown that the load dependence of the 
microhardness does not follow any simple law but is produced 
by superposition of a variety of different effects. Onitsch-
Modl19 shows that it is possible to get a good approximation 
by generalizing the Kicks similarity law which used to be 
referred to as the Meyer power law. 
P = adn (11) 
where the load force (P) is shown proportional to the nth 
power of the indentation diagonal (d) and "a" is a constant 
dependent on the material being tested and the geometry of 
the indentor. More accurately, the exponent 'n' can only 
be considered constant over a limited range which depends 
on the material. The log P versus log d graphs can in prac-
tice be curved upwards or downwards. It is only over a small 
range of log P that tangents can be drawn which could replace 
the curve. It is only in these ranges that 'n' can be 
considered constant. It is this approximation that 1s made 
in the microhardness measurements. 
In the actual measurements, the exponential 'n' is 
measured by plotting the log P against log d and calculating 
the slope. The microhardness is then measured for a diagonal 
length of 20 microns and the Onitsch notation used: 
n ~lll ') 0 : . 
- ~· 
It gives the microhardness (MH) for a particular indentation 
diagonal d = 20 microns together with the exponent 'n' which 
22 
is characteristic for the load variation in the range con-
sidered. This simplifies Equation (10) to: 
MH 20 l-l = 4.636(P) 
2 kp/mm 
where, P lS fue load force, measured in ponds. 
Microhardness tests were aarried out on the 5.733 
(12) 
and the 15.058 wt.%. In alloys for the quenched, annealed 
andcompressed states. The results are summarized in Table 



























All measurements were made with a Reichert Microhardncss 
20 
tester adapted to their Universal Microscope (McF). Small 
test loads such as have to be used in microhardness testing 
cause a rapid increase in errors known to occur in micro-
hardness testing, especially when the indentation diagonal 
is less than 15 microns. Many errors can also arise from 
the actual character of the microhardness testing. Thus, 
specimen preparation, vibrations, load duration and loading 
rate, relationship between the test surface and direction of 
movement of indentor, maymuse errors in indentation measure-
ments. Nevertheless, Table III clearly shows that the micro-
hardness increases with the indium content and that the cold 
worked samples are harder than the quenched or annealed 
samples. The hardness of the quenched samples is slightly 
higher than that of the annealed samples. 
I I I. CALCULATIONS OF VACANCIES AND VOIDS 
A. Vacancies from "d 25 and a " 
----------------------s 0-
Each silver-indium alloy was assigned the formula: 
Ag 1 In , assuming that "x" atoms of silver are replaced -X X 
by "x" atoms of indium. The index "x" (i.e., the atomic 
fraction) is related to the alloy composition by the fol-
lowing relationship: 
X 
(Wt.% In/At.Wt. In) 
(Wt.% In/At.Wt. In+ Wt.% Ag/At.Wt.Ag) 
24 
(13) 
The atomic weights (At.Wt.) of silver and indium are 107.87 
and 114.82, respectively (on the basis of c 12 = 12.000). 
The molecular weight M of each alloy was obtained 
X 
by the calculation: 
M = (At.Wt. In)(x) + (At.Wt. Ag)(l- x) 
X 
Using the lattice parameters of the alpha-phase of 
the silver-indium binary system, as given by Straumanis 
and Riad, 14 the number of molecules per unit cell n' is 
obtained from the equation: 
where, d 25 is 
s 
n' 
. 0 the denslty of the sample at 25.00 C ln 
(14) 
(15) 
vacuo; is its lattice parameter, also at 0 25.00 C; 
23 N0 the Avogadro's number = 6.024 x 10 atoms per mole 
and, M is the molecular weight of the alloy sample as 
X 
obtained from Equation (14). 
The products: n'xandfi'(l x) give the number 
of indium and silver atoms present per unit cell respec-
tively. 
Since a perfect fcc cell has four atoms in it, the 
difference: (4- n'), must be the number of vacant sites 
per unit cell. Knowing the dimensions of the unit cell, 
the vacancies per unit cell and per cubic centimeter were 
calculated. The number of vacancies per indium atom was 
obtained by computing the ratio: 
( 4 _ nr) 
n'x 
Table IV summarizes these calculations and Figure 4 
makes a graphical representation of the variation of n' 
and the vacancies per indium atom with indium content for 
both quenched and compressed samples. 
25 
T.-\BLL I\' 
\.a c an c i e s from D c n s i t \. C a 1 c u 1 at i on s 
.-\tomic 8 
') ~ 
010 1 . i\. t . d -::> a 0x10 Fraction ~I 
s 
h't. 9s In X State* X em g/cc n' 
0.0 0.0 Q 107.87 4.08626 10.49043 3.9972 
c 107.87 4.08626 10.49758 3.9999 
5.004 0.04715 Q 108.1977 4.10120 10.33735 3.9702 
c 108.1977 4.10120 10.40410 3.9958 
5.733 0.05405 Q 108.2456 4.10345 10.37991 3.9913 
10.022 0.09473 Q 108.5283 4.11670 10.30147 3.9892 
c 108.5283 4.11670 10.31683 3.9952 
15.058 0.14277 Q 108.8622 4.13300 10.21337 3.9900 
c 108.8622 4.13300 10.22325 3.9939 





u.c. cc X l 0 -
0.0028 4. 10 
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B. Vacancies from Phase Diagram and Expansion Coefficients 
Another method to determine the number of vacancies 
in quenched alloys, 1s based on the difference in the coef-
ficients of thermal expansion of the alloy fractions which 
are the first and last to solidify, since the composition 
of the fractions is different. 
3 3 If v 1 = a 1 and v 2 = a 2 are the volumes of the unit 
cells which are first and last to solidify at their respec-
tive solidus temperatures ts 1 ° and ts 2 °c and a 1 and a 2 are 





and v02 are the unit cell volumes corresponding 
to lattice parameters a 01 and a 02 for the first and last 
unit cells respectively at the room temperature (25°C). 
Then, the shrinkages 6V 1 and 6V 2 in each case are: 
and 
(16) 
( 1 7 ) 
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If the sample under consideration is more or less slowly 
cooled or even quenched to room temperature from the 
liquidus temperature, then (6V 1 - 6V 2 ) represents the void 
volume for the two unit cells combined, caused by their 
uneven shrinkage. Since each of the cells has four sites 
for atoms (fcc system), the number of vacant sites per 
unit cell is given by: 
Vac. per u.c. = 
8(6V 1 - 6V 2 ) 
VOl+ V02 
(18) 
Since lS the average volume for the two 
unit cells: 
Vac. per u.c. = c 1 9) 
If x 1 and x 2 represent respectively the atomic fractions 
of indium in the first and last unit cells to crystallize, 
then the total number of indium atoms in the two unit cells 
is: 
Then, 
8 x since 
xl + x 2 
(---) 2 
Vac. per In atom 
avg 





( 2 0 ) 
The composition and the solidus temperatures of the unit 
cells which were first and last to solidify for any alpha-
phase silver-indium alloy were obtained from the binary 
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Fig. 5. Part of the Ag-In binary diagram 
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obtained from the data published by Weibke and Eggers. 1 
The above calculations were made for a number of alloys 
of arbitrarily chosen composition and the results are 
tabulated in Table V. The variations of the vacancies 
per indium atoms and atoms per unit cell with the alloy 
composition are shown graphically in Figure 4 by dashed 
lines. These calculations are actually estimations since 
they consider only the first and last crystallizing frac-
tions and their unit cells. Figure 5 was established in 
1935 and since then it has been shown that the solid solu-
bility limit is 20.3 wt. per cent indium. 14 Besides coring 
may also occur during solidification of the alloys, very 
much complicating the crystallization process. 
has been disregarded in the above estimations. 
All this 
TABLE V 
Vacancies from Phase Diagram and Expansion Coefficient Calculations 
ComEosition of the Quenched Alloy (wt.%) 
2.00%~ 5.73% 8.00% 10.02% 13.00% 15.05% 18 ~oo% 
Composition of first 1.1 3.4 5. 2 6. 9 9. 2 10.65 12.8 
unit cell (in wt.% In) 
Atomic fraction: xl 0.01034 0.03201 0.04901 0.06510 o. 08692 0.10070 0.12119 
8 
a 0 1 x 10 em at 25°C 4.08950 4.09640 4.10185 4.10700 4.11415 4.11870 4.12565 
VOl X 10
24 cm3 68.3928 68.7396 69.0143 69.2746 69.6371 69.8683 70.2266 
Cl.l X 10 6 oc-l 18.76 18.841 18.933 19.041 19.220 19.353 19.576 
6t = (tsl s 1 - 25)°C 925 902 887 871 845 828 800 
6V x lo24 cm3 1 3.56046 3.50460 3.47699 3.44670 3.39291 3.35877 3.29941 
Composition of last 2.0 5.733 8.0 10.022 13.0 15.058 18.0 
unit cell 1n wt.ii c 0 In) 
Atomic fraction: x2 0.01881 0.05402 0.07552 0.09473 0.12310 0.14277 0.17097 
a 02 x 10 
8 em at 25°C 4.09225 4.10350 4.11045 4.11670 4,12635 4.13300 4.14300 
v x 1024 cm3 02 68.5309 69.0951 69.4493 69.7666 70.2584 70.5986 71.1123 
ex 2 x 
106 oc-1 18.785 18.965 19.122 19.294 19.589 19.848 20.253 
6t = (t s 2 - 25)°C 917 882 859 835 797 767 7 11 s2 
6V x 10 24 cm 3 2 3.54151 3.46729 3.42228 3.37192 3.29223 3.22426 3.07203 
Vacancies/u.c. 0.0011 0.0022 0.0032 0.0043 0.0058 0.0077 0.0129 
Atoms/u. c.: n' 3.9989 3.9978 3.9968 3.9957 3.9942 3.9923 3.9871 
V-I 
Vacancies/indium atom 0.0094 0.0063 0.0064 0.0067 0.0069 0.0079 0.0110 ~-.) 
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IV. DISCUSSION OF RESULTS 
It has already been mentioned that densities are of 
extreme importance in the evaluation of structure, as 
well as in establishing whether the solid solution is inter-
stitial or substitutional in nature. 
There is no doubt that the hydrostatic weighing method 
is the most accurate method for density measurements of 
solid samples. However, holes, cavities and microcracks 
inside a solid sample cannot be filled with the liquid in 
which it is immersed; hence, they will lower the value of 
the density. 
One way to eliminate the porosity of the sample lS 
to subject it to compression or rolling followed by annealing. 
If the sample were initially porous, an increase in the 
density should be observed. 
Extreme care has been taken in the preparation of 
alloy samples in order to prevent the formation of micro-
cracks and voids. The fact that the number of atoms per 
unit cell (n') observed for all the samples was always 
found to be between 3.989 and 4.000, suggests that the 
above mentioned defects must have been at a very low level 
if not completely absent. 
The fact that n' was always less than 4.000 and that 
0 
the atomic radius of indium (1.57 A) is about 9% larger 
0 
than that of silver (1.44 A) suggests that the alpha-phase 
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solid solution of indium in silver is substitutional and 
not interstitial ln nature. Thus, indium atoms replace 
the silver atoms in the frc crystal structure causing an 
. f h . 11 13 expanslon o t e unlt ce . This is further supported 
by the fact that the density of the alloys decreases with 
an lncrease in the indium content (as is indicated in 
Figure 3) even though indium has a higher atomic weight 
than silver. 
During the degassification of the silver splatters 
in the fused quartz tubes, it was sometimes observed that 
the quartz tube cracked on quenching and pieces of quartz 
stuck to the silver ingot. This could be due to the presence 
of Ag 20. Douzy 
is stable above 
under pressure. 
and ,21 Mascre 
200°C. only 
have pointed out that Ag 2o 
in the presence of oxygen 
0 At temperatures up to 800 C, it can be 
rendered stable at ordinary pressures by the presence of 
Cr 2o3 , v2 o3 and Mn 2o3 but not iron oxides. During sample 
preparation the degassification was done at low pressures. 
The possibility that the Si0 2 or some impurity from the 
quartz tube itself might have been responsible for stabilizing 
the Ag 2 o by forming some complex with it, cannot be ruled 
out. As a matter of fact, some white substance was always 
noticed, sandwiched between the quartz and the main ingot. 
This problem was considerably reduced by cleaning the quartz 
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tube with boiling concentrated nitric acid and proper evacu-
ation prior to and during the heating of the silver splat-
ters. 
The importance oc degassification of the silver, prior 
to alloying, is well illustrated by Figures 6 and 7 which 
show the microstructures of the as-received silver splatters 
and of an ingot prepared from them. The extensive porosity 
lS evident ln both figures. The density of the ingot in 
Figure 7 was found to be only about 9.5 g/cc instead of 
about 10.5 g/cc for a single crystal of silver. 
Microscopic examination of the quenched, annealed and 
compressed ingots did not show the presence of microcracks. 
While the quenched ingots showed very little or no micro-
porosity, the annealed ingot exhibited extensive and random 
microporosity and the compressed ingots showed the traces 
of the same pores closed by compression. This observation 
was derived from Figures 8 to 13. Generally, the quenched 
ingot showed some segregation near the top. The bottom of 
the ingot was the first to be quenched, and the top last, 
causing the solidification front to proceed from the bottom 
to the top of the ingot. This is illustrated by the highly 
dendritic nature of the structure at the top of the ingot, 
as in Figure l4(a), and the absence of the same at the 
bottom, as in Figure 14(b). lt was also observed that the 
micropores were larger in number and size near the top of 
Figure 6. Poros i ty present in the as-received 
silver splatters. 
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Porosity present in ingot prepared f rom 
non-d~gassified silver. 
warm dil. HN0 3 lOO.x 
Figure 8. Absence of porosity in the quenched 
5 . 733 wt. % In alloy. 
Etchant: warm dil. HN0 3 Mag.: 
Figure 9. Random porosity in the annealed 
5.733 wt.% In alloy. 




Figure 10. Pores closed by compression in the 
annealed 5.733 wt.% alloy. 
Etchant: warm dil. HN0 3 Mag.: 2 llx 
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Figure 11. Absence of porosity in the quenched 
15.058 wt.% In alloy . 
Etchant: warm dil. HN0 3 Mag.: 2llx 
Figure 12. Random porosity in the annealed 
15.058 wt.% In alloy. 
Etchant : warm dil. HN0 3 Mag. : 406x 
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Figure 13 . Pores closed by compression of the 
annealed 15.058 wt. % In al l oy. 




Fig. 14. Structure of the quenched 10 . 022 wt.% 
In ingot showing (a) segregation near 
the top of the · ingot and (b) no seg-
regation near the bottom. 
Etchant : warm di1. HN0 3 Mag. : 211x 
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the ingot as opposed to the bottom of it after annealing. 
The micropores were randomly distributed and not found 
specifically at grain boundaries and the ingot periphery. 
From this it is concluded that although the quenching 
rate was fair, some segregation occurred. The fact that 
the quenched ingots showed no microporosity (Figs. 8 and 
11) while the annealed ingots did (Figs. 9 and 12), leads 
to the conclusion that the quenching action locked in the 
vacancies that were present at the high temperatures. This 
technique has become an established one for freezing of the 
high temperature state. It was first demonstrated by 
22 
Kauffman and Koehler (1952) through resistivity measure-
ments that lattice vacancies in gold could be quenched 1n 
with an experimentally attainable cooling rate. 
The quenching effect in alloys is more complicated 
because of various solid state reactions. The solute atoms 
affect the behavior of vacancies through their interaction 
(usually attractive) with vacancies in four ways: (l) 111-
creasing the thermal equilibrium concentration of vacancies; 
(2) decreasing their mobility; (3) acting as nucleation 
sites for vacancy precipitation; and (4) by inducing stresses 
into the solidified alloys. 
At low temperatures the quenched-in lattice defects 
are immobile. As the annealing temperature is raised, the 
43 
defects become mobile at characteristic temperatures. 23 
Processes involving local rearrangements of energetically 
unfavorable defect configurations and defect diffusion, 
occur. The migrating defects could lead to the formation 
of vacancy clusters or agglomerates, or become trapped 
at trapping sites (e.g., impurities, solute atoms, etc.) 
or be annihilated at sinks (consisting of dislocations, 
large voids, 24 etc.). The shape of these agglomerates 
was found by Silcox and Hirsch 25 to depend on the quenching 
and annealing conditions and on the stacking fault energy 
of the materials. 
This explains exactly what is seen ln the photomicro-
graphs. The quenched samples do not show voids because 
the vacancies are present either singly or in small clusters. 
That vacancies are present is shown by the lower densities 
of the quenched alloys as compared with the calculated den-
sities (see Table II). The smaller clusters could only 
be seen under very high magnification 4 (of the order of 10 
or of the electron microscope. The annealed samples 
show large sized voids at which the defects annihilated 
themselves. Some vacancies are lost at the surface and at 
dislocations in the sample. This may explain why, in some 
cases, the densities of the annealed samples is higher 
than that of the quenched samples. The compressed samples 
show these microvoids being closed by mechanical compression. 
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This cold work alone will introduce some vacancies. Hence, 
it was not possible to attain the calculated density in 
any case (Fig. 3) . This is 26 quite contrary to what Yu 
observed while working with the Cu-In system. He was able 
to reach the calculated densities by cold working the 
annealed samples to produce up to 70% reduction and then 
stress relieving 0 them at 550 C. 
The microhardness measurements in Table III show that 
the quenched specimen have a slightly higher hardness than 
the annealed ones. Quenching experiments carried out on 
. 27 28 29 30 31 
aluminum, ' copper ' and gold have indicated that 
quenched samples usually show no change in the mechanical 
properties compared to the nonquenched samples if quenching 
strains are absent; while, subsequent aging (or quench 
hardening) increases the hardness and yield stress con-
siderably. Hence the conclusion that single or small 
multiple vacancies do not cause hardening, while larger 
vacancy agglomerates cause pinning of dislocations and 
hence increased hardness. Stresses arising due to radial 
thermal gradients present in samples of larger size give 
rise to plastic strains during quenching and these generate 
"b f } d . 32 defects which are also respons1 le or 1ar en1ng. 
Since the quenching rate in the present case was not 
very high (due to the larger sample size), it is concluded 
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t h a t \' a c a n c y a g g 1 o m c r a t e s a n d q u e n c h i n g s t r a i n s m u s t h a v e 
r ll r me d c ;1 u ~ i n g an 1 n c rca s e 1 n the h a r d n e s s . Upon heat 
t 1· e a t m e n t , t h e v a c a n c y a g g 1 o m e r a t e s c o 1 1 e c t e d t o f o r m v o i d s , 
the stre~~ disappeared completely and the samples showed 
;1 ~light dccrca~c in hardness. 
The calculations of the vacancies per unit cell based 
on the number of atoms per unit cell n' and the sample 
dcn~ity d 
s 
as summarized in Table IV and Figure 4 show 
that the quenched alloys always have a higher number of 
\' a c a n L' 1 c s t h J n t h e c om p r e s s e d a 1 1 o y s . Also, the number of 
v ;1 can c i e s i n c rca s e d in each case with the i n diu m content , 
h e L' o 111 i n g v c I' y n c a r 1 y c o n s t a n t a s t h e s o 1 i d s o 1 u b i 1 i t y 1 i m i t 
I ~ ; l Jl Jl l' 0 ;J C h l' d . The vacancies, per indium atom, show a 
cont int1ous drop lFig. -l) for the quenched alloys while for 
t h L' L' o m p r c s s e d a 1 1 o y s t h e y b e c o m e n e a r 1 y c o n s t a n t n e a r t h e 
~olid solubility limit. The rapid drop in n' (in Figure 4) 
for quenched alloys at small amounts of indium, is in agree-
llll'llt 1\imura 1 J . :; 3 l l .1 a 11l ~lad 1 11 \v 1 o o ) s e r v e u that solute atoms 
i nc 1- L' ;1 ~ c t h e t h c r 111 ;1 I c q u i I i h r i u m con c c n t r a t i on o f v a can c i c s 
This also verifies that solute 
; 1 t on1 s ; 1 r e r e s p on s i h I c f o r q uc 11 c h i n g s t r a i n s \v h i c h c au~ e 
T h c v ;t I u c s o f n ' for que 11 c h e d a l I o y s based on the 
i 11 c ;1 t' t h c r m ;II c x p a 11 s 1 o 11 L- o c f f i c i c 11 t s a 11 d t h c so l i d i f i cat i o 11 
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range (Table V) and indicated in Figure 4 by dashed lines --
lie within the range of agreement with the above conclusions, 
considering that they are at best only estimations. On the 
other hand, the vacancies per indium atom based on similar 
calculations (Figure 4, dashed line) show consistently lower 
values and also an increase after a minimum at 9.5 wt.% 
indium. This is attributed to the uncertainty in the 
solidus and liquidus lines in Figure 5 and also the rapid 
increase in the solidification range with the indium content. 
V. CONCLUSIONS 
1. Measurement of density is a highly satisfactory 
method for evaluating the structure of metallic samples 
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if care 1s taken during sample preparation to avoid micro-
cracks and shrinkage cavities. 
2. The alpha-phase solid solution of indium in silver 
is substitutional ill nature. 
3. Proper degassification of the silver is essential 
to prevent complications during sample preparation. 
4. Microscopic examination and density determination 
showed that it is possible to quench-in vacancies of various 
origin that are present at high temperatures in the Ag-In 
alloys. 
5. Annealing processes are responsible for the for-
mation of vacancy agglomerates due to the migration of 
probably single vacancies and even annihilation of vacancies 
at high temperatures leading to tl1e formation of voids 
and increased density of the alloys. 
6. Cold working can bring the density fairly close 
to the calculated one but the plastic strain involved can 
lead to the formation of dislocations. 
7. An increase in the hardness of the quenched samples 
over that of the annealed samples is attributed to tl1c 
quenching-in and formation of new vacancies and stresses 1n 
the solid state during cooling. During heat treatment 
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these vacancies migrate and collect to form voids, annihi-
lating the stresses. 
8. Estimations m vacancy concentration based on the 
expansion coefficient and the solidification range of the 
alloys (the latter obtained from the binary equilibrium 
Jiagram) are in fair agreement with the calculations of 
vacancies from the lattice parameters, densities and com-
position. The reasons of vacancy formation, as mentioned 
before, must therefore be correct. 
PART II 
LATTICE PARAMETERS OF CADMIUM OXIDE 
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VI. INTRODUCTION 
R F . 34 ene alvre (1944) showed that cadmium oxide is 
unstable at high temperatures and that it dissociates into 
cadmium and oxygen, the cadmium forming a solid solution: 
n Cd·CdO, with the excess cadmium oxide. He concluded that 
the solid solution is itself dissociable at still higher 
temperatures and that the amount of dissolved cadmium in-
creases with increasing vapor pressure of cadmium. He 
could not reach the solid solubility limit by simple dis-
sociation which was found reversible to a certain extent. 
The aim of the present work was to prepare various CdO 
samples, to study them, to check the above mentioned con-
elusions and to determine the lattice parameters of cadmium 
0 0 0 
oxide over a temperature range of -233 to 1100 C (40 to 
VII. EXPERIMENTAL PART 
A. Sample Preparation 
Samples were obtained by burning metallic cadmium in 
oxygen, by calcination of cadmium carbonate at low tern-
peratures and by transport methods. 
of the oxide was also studied. 
A commercial sample 
A small amount of metallic cadmium (99.999~ pure) was 
placed 1n a ceramic crucible and heated in an atmosphere 
of oxygen. The oxide obtained was black in color and 
designated as CdO #1. The commercial sample (112) of 
cadmium oxide was brown. Small amounts of the white cad-
mium carbonate were heated in a porcelain crucible in air 
to about 400°C. The carbonate dissociated according to 
the equation: 
50 
CdO + CO,.., ( 2 I ) 
and the powder turned deep black. On cooling, the black 
color changed to a deep brown (CdO #3). 
The brown oxide (#3) thus obtained was sealed under 
vacuum 1n a quartz tube and heated in an electric tube 
furnace for 5 days at 800°C. The sample \\·as furnace cooled 
and the oxide was found to have turned black (CdO a4). 
Some of this oxide was heated at 650°C for 25 hours 
in an atmosphere of oxygen and air cooled (CdO #5). 
Another sample of the oxide was obtained by a method 
based on the principle of chemical transport reactions. 35 
This method was first applied to the II-IV semiconductor 
d b . h 36 compoun s y N1tsc e (1960). The principle of transport 
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lS a chemical reaction which takes place in one temperature 
zone and is reversed in another zone of a different tern-
perature. 
CdO(s) Cdi 2 (g) 
1 0 
+ 2 2 (g) c 2 2) 
The forward reaction takes place 1n vacuum at the high 
temperature zone and the backward in the lower temperature 
zone. The gaseous products diffuse from one zone to 
the other. The iodine vapor, regenerated in the lower 
temperature zone diffuses back and is recycled. 
In the actual method, 183 mg of CdO #3 was mixed with 
45 mg I 2 in the bottom of a 12 mm diameter quartz tube 
which was sealed after evacuation, and placed in a two 
zone furnace with the mixture at 660°C and the cold end 
The two zones were at a distance of about 11 em. 
Crystals of black CdO were obtained after about 7 days. 
The tube was air cooled and the seal broken (CdO #6). 
Sample CdO #7 was obtained by heating and quenching 
a mixture of 0.00122 g metallic cadmium (0.145 wt.%) and 
0 83941 f #3 Cdo (99.855 Wt .%) at 700°C for about 30 . ' g 0 
hours in an evacuated and sealed quartz tube. 
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Sample CdO #8 was obtained by heating and quenching 
CdO #3 to red heat for 5 minutes under continuous evacu-
ation. 
All the materials used were of high purity. The furnace 
temperature was always maintained within + 3°C. 
B. Lattice Parameters 
The samples were powdered and sieved through a 325 
mesh bolting cloth. Small amounts of the underscreen were 
used for the preparation of the powder mounts, consisting 
of a fibre of lithium-boron glass or quartz of about 0.05 mm 
in diameter, to which ordinary petroleum jelly was applied 
as an adhesive for the powder. Asymmetric powder patterns 
were obtained in a Straumanis camera. For the present 
work, the sample temperature was mostly near that of the 
room, but constant 0 (~ 0.05 C). The details of the equipment 
and the method have been discussed in great detail 1n 
37-40 
many references. The lattice parameters of all the 
samples were obtained at or near 25°C. 
High and low temperature lattice parameters were ob-
tained only for CdO #3. A high temperature camera built 
by Dr. H. Seemann of Germany was used. The method and the 
b d by Rl.ad41 equipment are descri e (1964). The lattice 
parameters were obtained for the temperature range between 
100 and ll00°C. 
The lo~<.r temperature range explored was -233 to -93°C 
or 40 to 180°K. A special low temperature camera and 
equipment constructeJ by Straumanis 42-44 and Woodard was 
uscJ. 
lligh precision lattice parameter determinations were 
maJc bct\vcen 15 anJ b0°C. 
All the lattice parameters were calculated from the 
( :'i 3 3) . h . 
· a 1 l1ne us1ng t e equat1
on: 
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a = c 2 3) 
2 sin e 
0 
\v h e r c , /.. 1 s the wavelength (in A) of the radiation used, 
(hkl) arc the inJices of the Jiffracting planes and 8 is 
the angle of Jiffraction. The (333) planes were found 
aJequate since the diffraction lines obtained thereof were 
sharp anJ intense and also possessed a high angle of dif-
fraction for the 
0 
l. 7R892 /\ and A 
a-, 
cobalt radiation that was used 
0 
1.79278 A). Temperature control 
+ O.OS°C was achieved for the Straumanis camera 
of 
to 
t10°C LJngc) and+ l.0°C for the high temperature camera (100° 
to ll00°C range). The lattice parameters were corrected 







3 5.4 pa 0 
2 2 h + k + 1 2 
( 2 4) 
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where, p is the experimental density of the sample having 
0 
a lattice parameter of a 0 A. This correction for deviation 
0 
from the Bragg's law was found to be +0.00017 A which, as 
Equation (24) indicates has to be added to a 0 . 
VIII. EXPERIMENTAL RESULTS 
A. Lattice Parameters 
The lattice parameters of samples CdO #1, 2 and 3 are 
tabulated in Tables VI, VII, and VIII. The a values 25 




a 0 A versus t°C are shown in Figures 15, 16 and 17, respec-
tively. The low temperature lattice parameters of CdO #3 
are summarized in Table IX and plotted in Figure 18. 
Table X gives the a 0 at high temperature for the same sam-
ple and these are shown ln a graph in Figure 19. A com-
bined plot of Tables VIII, IX and X is represented by 
Figure 20, which gives a 0 for CdO #3 over the temperature 
0 0 0 0 
range from -233 C to 1035 C or from 40 K to 1308 K. 
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The lattice parameters for all other samples of cadmium 
oxide are summarized in Table XI. 
B. Density of Cadmium Oxide 
A number of attempts were made to determine the accurate 
density of cadmium oxide. The hydrostatic method as well 
as the specific gravity bottle were used. The immersion 
liquid used in both cases was natural histological xylene. 
Due to the extremely fine nature of the powders (both CJO #3 
and #4), it was not possible to obtain a precise density 
value. Although careful de-aeration of the immersed sample 
was carried out, a consistent result was not obtained. It 
is believed that the surface adsorption of the air was the 
TABLE VI 
Lattice Parameters of CdO #l Near Room Temperature 
(Not Corrected for Refraction) 
a 25 = 10.63 x 10-
6 
°C-l 




















Lattice Parameters of CdO #2 Near Room Temperature 
(Not Corrected for Refraction) 
') 11 x 1'1- 6 0 c- 1 a 25 = 1... l 







50% Confidence Error: 
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Lattice parameters of CdO #1 between 






















20 30 40 
Temp.°C 
so 60 
Lattice parameters of CdO #2 between 
15 and 65°C. (not corrected for refraction). 
TABLE VIII 
Lattice Parameters of CdO #3 Near Room Temperature 
(Not Corrected for Refraction) 
a 25 = 10.81 x 10-
6 0 c- 1 
Temperature 
1 5 . 1 0 288.10 
































Lattice Parameters of CdO #3 at Low Temperatures 




oc OK ao A 
-233 40 4.68597 
-213 60 4.68600 
-193 80 4.68618 
-173 100 4.68675 
-133 140 4.68783 
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Figure 17. L a t t i c e p a r a m e t e r s o f C: d 0 II 3 b e t \-1 c e n 
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Temp.°K 
Figure 18. Lattice parameters of CdO #3 between 40 and 
180°K. (not corrected for refraction). 
TABLE X 
Lattice Parameters of CdO #3 at High Temperatures 
(Not Corrected for Refraction) 
Temperature 
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Lattice parameters of CdO #3 between 100 
0 and 1100 C.(not corrected for refraction). 
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main problem. The density was found to lie within the 
range: 8.14 - 8.20 g/cc, for both CdO #3 and #4. If a 
mean density of 8.17 g/cc is assumed (since the values 
were evenly distributed over the entire range), then the 
approximate number of molecules per unit cell can be 
calculated from the equation: 
n 
where, is the 
(25) 




its density at the same temperature, N0 is AvogaJro's 
23 (N
0 
= 6.024 x 10 atoms per mole) and M is the number 
molecular weight of the sample. 
Solving Equation (25) for d 
s 
8.17 g/cc 
n' = (4.69513 X 10-
8 ) 3 X 8.17 X 6.024 X 10 23 
128.3994 
= 3.967 
where M = (112.4 + 15.9994) 128.3994. For the minimum 
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and maximum densities of 8.14 g/cc and 8.20 g/cc respectively: 
n'. 
m1n 3.952 and n' max 3.982. 
Assuming a perfect four molecules per unit cell of the fcc 
crystal structure, the calculated density obtained from 
Equation (25) works out to: 
4 X 128.3994 
d 
s (4.69513 X 10- 8 ) 3 X 6.024 X 10 23 
8.238 gjcc 
C. Linear Expansion Coefficients 
The relationship between the temperature and the cor-
responding lattice parameter of a sample is not quite linear, 
but for all practical purposes, one may assume a straight 
line relationship within a small temperature range. 
The linear thermal expansion coefficient of CdO #1, 
2 and 3 was obtained by assuming such a linear rclationsl1ip 
0 
for the temperature range 10-60 C. From the slopes of these 
lines, the corresponding expansion coefficients were cal-
culated using the equation: 
a = 
0 -l c 
where, a 1s the linear thermal expansion coefficient of 
the sample, (6a/6t) is the slope of Figures 15, 16 and 17 
and a 25 is the precise lattice parameter at 25°C. 
In certain cases where a straight line relationship 
could not be assumed between the lattice parameter and 
temperature, as in Figure 18 [giving the low temperature 
lattice parameters of CdO #3), tangents were drawn at 
Then, the slopes of these tangents and 
the lattice parameters at the points of contact ~ere 
substituted in Equation (26) to obtain u at the respective 
temperatures. 
To obtain the expansion coefficients of C:dO li:l at 
higher temperatures (from Figure 19), the first methoJ \\·as 
used for 200°, 400° and 600°C and the second method for 
The linear expansion coefficients thus obtained arc 
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(26) 
summarized in Table XII and figure 21 shows their variation 
with temperature for CdO ff3. 
TABLE XII 
Linear Thermal Expansion Coefficients of CdO 
Sample 




















a x 10 6 0 c- 1 
10.63 
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0 Temp. C 
69 
873 1073 1273 
600 800 1000 
Linear thermal expansion coefficients of 
CdO #3 as a function of temperature. 
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IX. DISCUSSION AND CONCLUSIONS 
A. Microscopic Examination 
Small amounts of all the samples of CdO were examined 
microscopically with oil immersion objectives under high 
magnification (x1428). It was observed that all samples 
showed basically two kinds of particles, namely, fine trans-
lucent red particles and larger greyish-black particles 
with a dull lustre. CdO #3 was found to have large numbers 
of red particles and a fewer amount of grey particles. 
The reverse was found in CdO #4. Further grinding of CdO 
#4 showed that the grey particles were reduced in size and 
number while the red particles increased in number. Thus 
it is concluded that the grey particles are only larger 
grains or clusters of the same red particles which appear 
grey due to differential surface conditions. This con-
elusion is supported by the examination of other samples 
of CdO. The deep black samples even turned brownish-black 
if prolonged grinding was carried out. Sometimes, shiny 
opaque particles with rough edges (unlike the angular edges 
of the red and grey particles) were observed in CdO #3 and 
4. They appeared like flattened out pieces of metal. It 
is believed that these probably were pieces of cadmium 
formed during the heating of the samples and flattened out 
during grinding. It was not possible to isolate these 
particles for further examination. Also, no relation of 
color to lattice parameter could be obtained (Table XI). 
Thus it is believed that cadmium oxide consists of 
fine particles which appear reddish or greyish-black, 
depending on their size, the larger grains appearing grey 
and the smaller particles appearing red. Intermixed with 
these are sometimes found shiny flattened out particles 
which are probably metallic in nature. 
B. Faivre's Results 
Figure 22 shows two curves obtained by Faivre. 1 The 
upper one shows the variation in lattice parameter as a 
function of temperature of a solid solution of metallic 
cadmium and a brown CdO (prepared by hydrolyzing and 
calcining Cd(N0 3 ) 2 ) quenched from the temperature of the 
formation of the solid solution. The lower curve shows 
the variation in lattice parameter as a function of tem-
perature of dissociation of brown CdO quenched from the 
above temperature. The nature and the position of the two 
curves indicates that the dissolution of metallic cadmium 
in the oxide increases the lattice parameter to a certain 
extent. There is a reversal in the increase between 725 
Since the two curves do not flatten out near 
these temperatures, it shows that the solid solubility 
limit has not been reached. 
Figures 19 and 20 show a deviation from linearity 
of the lattice parameter at about 700°C. This is probably 





















Lattice parameters (at room temperature ) 
as a function of temperature of quenchiLg 
of (a) a solid solution of Cd and CdO and 
(b) dissociated CdO (not corrected for 
refract i o ;t ; con v e r s ion c on s t ant us e cl : 
1. 00202 A/kX). 
Open points refer to Faivre's results 
and closed points refer to present work. 
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CJO ->- C J + ( 27) 
l'lll· freed L';Idmium goes into solution causing a sharper rise 
llowever, this contra-
d i ~- t s F a i \' r e ' s L' u r v e s a b o v e 8 5 0 ° C: • 
The lattiL·c parameters of CJO 114 anJ 6 lie fairly close 
t u t h c I o h l' r '-. u 1· v c i n F i g u r e 2 2 , w hi 1 e the 1 at t i c e form at i on 
or t:J() II 7 ., I and lie fairly close to the upper curve in the 
s:1me figtLrc. This 1.s in fair agreement with Faivre's con-
L·lusions. \\ h i 1c C J 0 II 7 was prepared by quenching a mixture 
of Cd and CdO #::;, sample CdO 118 was prepared by continuous 
c v : 1 L' u : 1 t i o n a n J h c a t i n g o f a q u a r t z t u b e c o n t a i n i n g t h e 
s ;J Jill' () .\ i d e . Samples CJO 11-t and 6 were both obtained by 
h c · : 1 t 1 11 g : 1 II d q u c 11 c h i n g C d () II :i . 
Since l::1ivre obtained his samples by heating small 
amounts of the brown oxide in quartz ampules which were 
l:1tcr quenched, some cadmium vapor could have deposited 
o 11 t h l' h' a 1 I s o f t h c :1 Ill p u 1 c s r a t h c r t h a n i n t h c b u l k o f t h e 
s :1m p I l'. I h i s I o s s o f c :1 JIll i um C r o Ill t h l' sam pl c 1~ as pro b a b l y 
rl'SJH11lSihlc flll' the do1v1n~ard t1·end of the L·urves in Figure 
This phenomenon of cadmium depositing 
o II t h c ,, :!I 1 s o f t h e q u a r t z c o n t a i 11 c r w a s o b s e r v e d d u r i n g 
t h l • p r e p : 1 r· a t i o 11 o f s a m p I l' C d Cl t1 ·l • 
1· :1 i v 1· c had o h s c r v c d t hat t h c i n c rca s c 1 n 1 at t i c c 
p;1r:1 mctcr hy heating anJ quenching the oxide was reversible 
to a certain extent. He had reheated and cooled slo1,:lv 111 
a n o x y g e n a t m o s p h e r e a C d 0 s a m p l c w h i c h w a s c a r l i c r q u c n L' h l' d 
0 0 
from 750 C and had a 0 = 4.6968 A. The lattice parameter 
0 
of this reheated sample dropped to 4.6925 /\, whiL·h he 
0 
observed was close to 4.6931 A, for the pure untreated CdU. 
In a similar experiment CdO #4 was reheated in oxygen at 
0 
650 C and cooled after one day giving sample CdO 115. The 
0 
1 a t t i c e p a r am e t e r d r o p p e d f r o m 4 • 6 9 5 (l A ( f o r C d Cl II 1 ) t o 
0 
4 . 6 9 5 1 A ( f o r C: d 0 I! 5 ) w h i c h 1 s c l o s e t o t h e l a t t i l' e p a r a m L' t l' r 
0 
of pure CdO 113, 1.e. 4.6953 /\. llohcvcr, al t h c s l' \' a l u c s 
are within the limits of error. 
I n t h e o v e r a l 1 c o n c l u s i o n i t m a y h c s a i d t h a t t h L' p r c -
s e n t w o r k i s i n a g r e e m e n t w i t h F a i v r c 1 s '' o r k i n q u a 1 i t Y f 
not quantity. 
C. Linear Expansion Coefficients 
A general examination of Figure 21 shoh's that the LX-
pansion coefficient is nearly constant 111 the te:.perat:nl 
range 100-700°C and that i t drops to ::: L' r o at aho11t 
,, 
- ~:~II .l. 
D. Defect Structure 
The calculations for the numhcr of formular units 
(CdO) per unit cell from Equation (25) shoh's that ;.' IS lL'"" 
than 4 for all the values of the density ohtaincd. 
minimum density of 8.14 g/cc, n' 1s only 3.952 and, for a 
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maximum density of 8.20 g/cc, n' 1s 3.982. T h L' n t h c t o t ~~ 1 
n u m b e r o f v a c a n t s i t c s p e r u n i t c c 1 1 m u s t h a v c a m a x 1 m u Jcl 
of 2(4 n 1 ) i . e . , 0 . 0 9 6 a n d a m 1 n 1 m u m o f 2 ( ·l 
min ' Il 1 I max ' 
i.e. 0. 0 36. The cwcragc number of vacant sitl'S Is then 
0.066 per unit cell. 
S i n c e t h c d e n s i t y m e a s u r e m c n t s 1.; e r c n o t p r c c 1 s c , i t 
must be concluded that the number of vacant sites per unit 
c e 1 1 pro b a b 1 y 1 i e i n t h e r an g e 0 . 0 3 6 a n d 0 • ll :l (J • 
X APPENDICES 
APPENDIX A 
AMERICAN SMELTING AND REFINING COMPANY 
Central Research Laboratories 
South Plainfield, N.J. 
99.999+% SILVER GRADE A-59 LOT NO. 65-1 
Sb N.D. 
Tl N.D. 
Mg < 1 
Mn N . D . 
Pb < 1 
Sn N.D. 
Si < 1 
Cr N.D. 











(N.D. DENOTES "NONE DETECTED" 
BY STANDARD SPECTROGRAPHIC 
METHODS) 









( ) Bar (x) Splatters 
( ) Shot 
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AMERICAN SMELTING AND REFINING COMPANY 
Central Research Laboratories 
South Plainfield, N.J. 
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(N.D. DENOTES "NONE DETECTED" 
BY STANDARD SPECTROGRAPHIC 
METHODS) 
Impurities Reported in Parts 
Per Million 
(x) 1 Tr. Oz. Stick 




DENSITY OF XYLENE 
Calibration of thermometer (#23542RM) used in water 
bath. 
Bureau of Experimental 
Standards Thermometer Actual Correction 
Thermometer (#23542RM) Temperature for 
0 0 (oC) 
Experimental 
Temp. C Temp. C Thermometer 
25.00 24.96 25.020 +0.060 
26.00 25.97 26.014 +0.044 
27.00 26.97 27.008 +0.038 
28.00 27.98 28.002 +0.022 
Absolute density of distilled and de-aerated water 
(from "Handbook of Chemistry and Physics," 47th Edition, 
p. F-4, 1966-67). 





The details of ilie calculations for the density of 
xylene are given in tabular form. 
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II t. of Wt. of Density of Density of 1\'t. of bottle + bottle + water at Density of xylene at hottle (dry) water in xylene 
t 0 e dw 
t a1r at 
t 0 e d t oe in air air in air room temp. Q, Temr. 1\ (g) w (g) w3 (g) (g/cc) d (g/cc) (g/cc) Read Actual 1 2 g 
24.99 25. 0 5 26.67095 
-- 49.08954 
-- 0.00112 0.861426 24.96 25.02 26.67091 52.62345 
-- 0.997040 24.97 2 5. () 3 26.67086 
-- 49.08830 
-- 0.00112 0.861382 2 4. 9 () 25.02 26.67091 52. 6 2 3 'IS -- 0.997040 24.99 25.05 2 R . 8 ltl 3 2 
-- 51.31567 
-- 0.00112 0.861360 24.96 25.02 28.81453 54.86488 
-- 0.997040 25.99 26.03.~ 26.67101 -- 49.06618 
-- 0.00112 0.860638 25.96 26.(1(Lj 26.67098 52.61342 
-- 0.996781 25.97 2b.01·1 28.81:129 
-- 51.29680 -- 0.00112 0.860625 25.96 2(1,(1.)4 2 8 . 8 l ·16 () 5-1.85831 
-- 0.996770 25.97 26.014 28.RH32 -- 51.29519 -- 0.00112 0.860563 2b.OO 2 6 . () .).) 2 8 . 8 1 ·I (l () s ·I . 8 s 8 3 1 
-- 0.996770 
..:5.98 ..; (J • () 2 ·I 2 S. R 1 ·11 0 - - 51.29715 -- 0.00112 0.860646 
.:'(J.OO 26.0·1·1 28.81\(J() s -+ . s s s:; l 
-- 0.996770 2 (J • :> R 2 7. <l I 8 2 8 . S I ·l 2 2 -- 51.27394 -- 0.00112 0.859774 2 (l . ~)7 2 7 . () () 8 2 s . 8 1 ·I 3 5 :; .) . 8 s (1 8 8 
-- 0.996518 2 (J • :n 27.0()8 2S.8lllll - - 51.2739·+ 
- - 0.00112 0.859778 2 (J • :l 7 2/.()()8 2 8 . 8 l .) 3 5 :; I . 8 :'> \1 8 8 
- - () . :l ~) b :; 1 s 
'-,) 
Density of Density of xylene 
Actual xylene at adjusted to nearest 
t°C dQ,t whole temEerature Temp.t 
d t (oC) (g/cc) 0 (g/cc) Temp.( C) Q, 
25.05 0.861426 25.00 0.861469 
25.03 0.861382 25.00 0.861426 
25.05 0.861360 25.00 0.861401 
26.034 0.860638 26.00 0.860663 
26.014 0.860625 26.00 0.860633 
26.014 0.860563 26.00 0.860571 
26.024 0.860646 26.00 0.860662 
27.018 0.859774 27.00 0.859791 
27.008 0.859778 27.00 0.859786 
Average fj2 fj Density 
X 10 6 X 10 12 (g/cc) 
37 1369 
-6 36 




0.860632 30 900 
2 4 
0.859789 - 2 4 
s 
X 10 6 
34.4 
4 3. 1 
2.8 
E 







It was often found that the temperature at which W 
2 
(weight of the specific gravity bottle plus water) was 
determined, differed by a few hundredths of a degree cen-
tigrade from that at which w3 (weight of specific gravity 
bottle plus xylene) was determined. Hence, the density 
t 
of water "d " used w ' was at the temperature "W " was de-2 
termined. Since two different specific gravity bottles 
were used (#49 and #75), there are two different 11 W1 " 
(weight of dry bottle in air) The density of air was 
calculated from the equation: 
d = g 
0.001293 H 
[1 + 0.00367 t + 76] g/ml = 
1 [-----] g/cc 1-Q f) 0 0 2 8 
(from: "Handbook of Chemistry and Physics," 48th Edition, 
p. F-8, 1966-67) where "t" is the room temperature and "H" 
barometric pressure in em Hg. 
A factor: -4 -lo -1 d 8.2 x 10 g cc C was used to a just 
the density of xylene to the nearest whole temperature. 
This is the approximate slope of the density versus 
temperature plot. 
The probable error calculations are made as follows: 
Standard Deviation "S" [I 6 2 J 112 n - 1 
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where "6" is the deviation from the average density for "n" 
trials. 
Probable Error "E" = 0.675 S 
The results are as follows: 
Density of xylene at Density from Difference Temp. 
t °C t 
Equation ( 3) 
10 6 (oC) dQ, (g/cc) (g/cc) X 
25.00 0.861432 + 0.000023 0.861433 + 1 
26.00 0.860632 + 0.000029 0.860616 -16 
27.00 0.859789 + 0.000002 0.859800 + 11 
These values are plotted in Figure 2 along with the 
densities for m-xylene. Two points from the plot are used 
to fit an equation as follows: 
I· .. 
y 




= 0.881866 - 0.8173 X 10 t 
82 
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This equation agrees closely with the experimental results 
as shown above. It is valid for the temperature range 
24°-27°C. All further calculations requiring the density 
of xylene, make use of this equation. 
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APPENDIX e 
DENSITY OF SILVER AND SILVER-INDIUM ALLOYS 
If the weight of sample in air is Wlg 
If the weight of sample + suspension 1n air is W2g 
If the weight of sample + suspension in xylene is W3g 
If the weight of sample + immersed part 
suspension is w4 g in air. 
Density of xylene at t 0 e is d t g/cc 9., 
Density of air at r.t. is d g/cc g 
of 
then, the density of the sample at t 0 e is given by: 





ltem 3 = 








(d t - d ) + d 
9., g g 
made up of: 
sample alone in xylene, 
un-immersed suspension in air, 
immersed suspension in xylene, 
to surface tension. 
immersed suspension in air) 
loss of immersed suspension in xylene). 
(weight 
But, (weight loss of immersed suspension in xylene) 
fwt. of that suspen~ion in a~r x density of xylene] ~ensity of suspens1on mater1al 
Substituting this back in w3 : 
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W3 = (wt. of sample in xylene) 
+ (wt. of un-immersed suspension in air) 
+ (wt. of immersed suspension in air) 
( wt. of immersed suspension in air 
density of suspension material x density xylene) 
+ force due to surface tension 
w3 = (wt. of sample in xylene) 
+ (wt. of whole suspension wire in air) 
- E:l 
Hence, the apparent weight loss of the sample ln xylene 
6W = (W 2 - w3 ) which in actuality is: 
(Wt. of sample + suspension in air) 
(wt. of sample in xylene) 
(wt. of suspension in air) 
+ El 
where s 1 = 
wt. of immersed suspension in air x 
density of suspension material 
anu s
2 
~ force due to surface tension. 
6W = 6 W + ( E: - E ) correct apparent 2 1 
J t 
9, 
Hence the correction (s 2 - s 1 ) has to be added to the 





'1 can be determined as follows: 
X d t 
9, 




density of xylene at t°C (g/cc) 
To determine "E " a small experiment was carried out. A 
, 2 ' 
straight piece of tungsten wire of known length and weight 
was immersed to various depths in xylene and the weight 
of the wire noted at each instance. Then, the force due 
to surface tension was evaluated as follows: 
Length of wire == 147 mm. 
Weight of wire in air == 0.00880 g. 
weight per unit length = 0.00006 g/mm 
Weight of wire with 1 mm immersed: 0.00943 g. 
Weight of wire with 14 mm immersed: 0.00936 g. 
Weight of wire with 24 mm immersed: 0.00937 g. 
Weight of wire with 41 mm immersed: 0.00932 g. 
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Change in wt. with 1 mm immersed: 0.0063 
Change in wt. with 14 mm immersed: O.OCOS6 
Change in wt. with 24 mm immersed: 0.00057 
Change in wt. with 41 mm immersed: 0.00052 
Wt. of 1 mm of wire in air: 0.00006 g . 
Wt. of 14 mm of wire in air: 0.00084 g. 
Wt. of 24 mm of wire in air: 0.00144 g . 
Wt. of 41 mm of wire in air: 0.00245 g . 
Now, weight of wire with "x" immersed is 
= (wt. of rest in air) 
+ (wt. of "x" immersed in xylene) 
+ (force due to surface tension) 
= (wt. of rest in air) 
+ (wt. of "x" in air) 
(wt. loss of "x" immersed in xylene) 
+ (force due to surface tension). 
(wt. of whole wire in air) 
(wt. loss of "x" immersed in xylene) 
+ (force due to surface tension). 
Now (changes in weight) 
== (wt. of wire with "x" immersed) 
(wt. of wire in air) 
(force due to surface tension) 







Force due to surface tension 
(change in weight) 
+ (wt. loss of "x" immersed in xylene). 
s 2 (change in weight) 
of "x" mm wire in air 
+ density of wire 
t 
X d ,Q, ) 
This formula was used to calculate "s " for 2 each trial. 
1 mm was immersed = ( x [ 
0.00006 
19. 3 
14 mm was immersed 0.000600 g. 
0.8598) + 0.000631 
:::; 0.000633 g. 
s 2 when 24 mm was immersed = 0.000630 g. 
s 2 when 41 mm was immersed = 0.000630 g. 
In most cases s 2 0.00063 g. This value was used 
throughout. 
Once the density of the sample was obtained for t°C, 
it was reduced to the density at 25°C. 
then, 
v25 [1 + 3a(t - 25)]' where "a" is 
the linear coefficient of expansion for the sample. 
d [1 + 3a(t - 25)] 
t 
= d t[l + 3a(t - 25)] 
s 
89 
This relation was used to reduce all densities to 25.00°C. 
An increase in the indium content increases the linear 
expansion coefficient of the a-phase alloy of the silver-
indium system according to the Equation (13); 
a= [18.73 + 0.02042(In wt.%) + 0.003576 (In wt.%) 2 ] 
This equation is 0 0 valid for the temperature range 10 - 65 C. 
The details of all the density measurements are given in 
tabular form below. 
The theoretical density calculations for silver and 






M is the mol. wt. of alloy, 
X 
n' is number of mol. per unit cell, 
N0 is Avogadro's number, 
a 0
25 is lattice parameter of alloy at 25.00°C. 
The molecular weight of the alloy is obtained from its 
molecular formula put in the form: 
where 
Wt.% In/At. Wt. In 




Standard Ag 25.95 
Single Crystal 











Alloy #2 (5.733 
w t . 9o I n) 
Quenched 








2 5. 7 5 
26.00 





2 s . 2 0 
25.60 
25.75 


































































































































Sample (oC) IV 1 g w 2 g 
Alloy #3 (Cont) 25.26 9.26906 9.28131 
Annealed 25.60 " " 25.90 
" " 
Partially 24.80 8,92644 8,93475 
Compressed 24.95 " " 
Stress 25.35 8.92625 8.93488 
Annealed 26.00 " " 
Compressed 25.55 8,6:?829 8.63626 
Alloy #4 (15.05 25.25 10.39431 10.40370 
wt.% In) 25.80 11 
" Quenched 26.00 
" " Annealed 24.95 8.39361 8.40569 
25.00 11 
" Compressed 25.00 10.27977 10.28837 
25.00 " 11 
w 3 g w 4 g 
8.50236 9.27314 
8.50262 





















































Sample (oC) d g/cc s 
--
Standard Ag 
Single Crystal 25,95 10.49702 




Crystal #2 26.40 10.4899 Quenched 25.60 10.4904 
25.20 10.4896 
Alloy #1 25.10 10.3372 
Quenched 25.60 10.3370 
Annealed 25.75 10.4022 
26.00 10.4032 
Compressed 25.10 10.4056 
25.20 10.4024 
Alloy #2 26.5 10,3799 
26.0 10.3793 
26.0 10.3784 
d 25.00 Average 
s 25 









10.3373 10.33735 10.3374 
10.4026 10.40320 10.4038 







































d 25.00 Temp. 
t s Sample 
( 0 c) d g/cc g/cc s 
Alloy #3 2S.20 10,3007 10.3008 
Quenched 2S.60 10.3028 10.3032 
2S.7S 10.3000 10.3004 
Annealed 2S.26 10.2296 10.2298 
2S.60 10.2298 10.2302 
2S.90 10.2283 10.2288 
Partially 24.80 10.3056 10.30SS 
Compressed 24.9S 10.30S8 10.30S8 
Stress 2S.3S 10.3072 10.3074 
Annealed 26.00 10.3046 10.3052 
Compressed 25.55 10.316S 10.31683 
Alloy #4 2S.2S 10.2134 10.2136 
Quenched 2S.80 10.2126 10.2131 
26.00 10.2128. 10.2134 
Annealed 24.9S 10.2186 10.2186 
25.00 10.2179 10.2179 
Compressed 2S.OO 10.2234 10.2234 
2S.OO 10.2231 10.2231 
Average 
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It is assumed that: 
At.Wt. Ag = 107.87 
At.Wt. In = 114.82 
23 N0 = 6.024 x 10 atom/g mole 
94 
The theoretical density refers to a perfect crystal. 
Hence, n' which is the number of formular units per unit 




data for "a " is taken from reference 14. 0 
Atomic 
Wt.% 25.00 0 Fraction 
In ao A ~1 X X 
Pure Silver 0.000 4.08626 0.000 107.87 
Alloy #1 5.004 4.10120 0.047152 108.1977 
Alloy #2 5.733 4.10345 0.054047 108.2456 
Alloy #3 10.022 4.11680 0.094725 108.5283 
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